This paper describes the results of a combination of EGR and supercharging applied to a diesel dual fuel (DDF) engine using natural gas (CNG) introduced from an intake pipe. The oxygen concentration in the intake charge were varied from 21% (without EGR) to 17% (26% EGR) with a cooled EGR technique. The boost pressures were set at two conditions, 100 kPa (naturally aspirated operation) and 120 kPa (supercharged operation) with a Roots blower supercharger driven by an inverter controlled motor. The influence of combining EGR and supercharging on the engine performance, combustion characteristics, and emissions were investigated with coconut oil methyl ester (CME) and gas oil under ordinary diesel and DDF operation modes. The results showed that the trade-off relation between the NOx and smoke emissions under the DDF operation combined with EGR and supercharging improved remarkably while also maintaining a relatively high brake thermal efficiency. Regardless of the engine operation mode, both the brake thermal efficiency and smoke emissions with the CME with supercharging improved more than with gas oil operation over the tested EGR regions.
Reduction rate of intake air (mass) % O 2 concentration in intake charge % Gas oil, Ordinary Gas oil, DDF CME, Ordinary CME, DDF Fig.2 Relation between oxygen concentration in the intake charge and the reduction rate in the intake air quantity. When EGR is applied the reduction rate of the intake air quantity is a function affecting the oxygen concentration in the intake charge. Therefore, the oxygen concentration in the intake charge corresponds to the EGR rate. Influence of combining EGR and supercharging on brake thermal efficiency, smoke density, and exhaust gas temperature with gas oil and CME (coconut oil methyl ester) under ordinary diesel and diesel dual fuel (DDF) operation (BMEP=0.68 MPa). The combined effects of EGR and supercharging on the brake thermal efficiency, h e is different at the two tested operation modes. At the ordinary diesel operation, the supercharging results in a substantial increase in the h e while increasing EGR rates (decreasing oxygen concentration in the intake charge) worsens the h e . The DDF operation with supercharging maintains good values of the h e at the tested EGR regions. Regardless of engine operation mode, both the brake thermal efficiency and smoke emissions with the CME with supercharging improved over those with gas oil operation. Influence of combining EGR and supercharging on NOx, HC, and CO emissions with gas oil and CME (coconut oil methyl ester) under ordinary diesel and DDF (diesel dual fuel) operation (BMEP=0.68 MPa). The HC emissions in the DDF operation with supercharging increased substantially more than those with naturally aspirated operation, and this may be a factor in the brake thermal efficiency decrease as shown in the top panels of Fig 3(a) , (b). The NOx emissions with both engine operation modes (ordinary diesel and DDF) reduced significantly with decreasing oxygen concentration in the intake charge (with increasing EGR rates). Influence of combining EGR and supercharging on indicator diagrams and heat release rates with gas oil and CME (coconut oil methyl ester) under ordinary diesel and DDF (diesel dual fuel) operation (BMEP=0.68 MPa). The EGR resulted in delayed ignition timings while the supercharging advanced the ignition. The CME showed advanced ignition timings and lower peak values of the ROHR curves compared to those with gas oil operation. Influence of combining EGR and supercharging on combustion characteristics with gas oil and CME (coconut oil methyl ester) under ordinary diesel and DDF (diesel dual fuel) operation (BMEP=0.68 MPa). The DDF operation under the naturally aspirated condition increased the ignition delay, while the ignition delay with the supercharged operation decreased significantly. Regardless of the engine operation mode, with and without supercharging and EGR rate, the CME showed better ignition characteristics than those with gas oil operation. Trade-off relation between NOx vs. brake thermal efficiency and NOx vs. smoke emissions with gas oil and CME (coconut oil methyl ester) under ordinary diesel and DDF (diesel dual fuel) operation (BMEP=0.68 MPa). The trade-off relation between the NOx and smoke emissions under the DDF operation combined with EGR and supercharging improved remarkably while maintaining a relatively high brake thermal efficiency. Regardless of the engine operation mode, both the brake thermal efficiency and smoke emissions with the CME with supercharging improved over those with gas oil at all the tested EGR regions. Energy Conversion and Management, Vol.64 (2012) , pp.301-312. Aklouche, F. Z., Loubar, K., Bentebbiche, A., Awad, S. and Tazerout, M., Experimental investigation of the equivalence ratio influence on combustion, performance and exhaust emissions of a dual fuel diesel engine operating on synthetic biogas fuel, Energy Conversion and Management, Vol.152 (2017) , pp.291-299. Aksu, C., Kawahara, N., Tsuboi, K., Kondo, M. and Tomita, E., Extension of PREMIER combustion operation range using split micro pilot fuel injection in a dual fuel natural gas compression ignition engine: A performance-based and visual investigation, Fuel, Vol.185 (2016) , pp.243-253. Aroonsrisopon, T., Salad, M., Wirojsakunchai, E., Wannatong, K., Siangsanorh, S. and Akarapanjavit, N., Injection strategies for operational improvement of diesel dual fuel engines under low load conditions, SAE Technical Paper, No. 2009 -01-1855 Vol.72, No.715 (2006) , pp.846-851. Ogawa, H., Miyamoto, N., Li, C., Nakazawa, S. and Akao, K., Smokeless and low NOx combustion in a dual-fuel diesel engine with induced natural gas as the main fuel, International Journal of Engine Research, Vol.4, No.1 (2003) , pp.1-9. Ogawa, H., Zhao, P., Kato, T. and Shibata, G., Improvement of combustion and emissions in a dual fuel compression ignition engine with natural gas as the main fuel, SAE Technical Paper No. 2015 -01-0863 (2015 , pp.1-7. Ogawa, H., Shibata, G., Goto, J. and Jiang, L., Performance improvements in a natural gas dual fuel compression ignition engine with 250 MPa pilot injection of diesel fuel as an ignition source, SAE Technical Paper No. 2016 -01-2306 , pp.1-8. Papagiannakis, R. G., Hountalas, D. T., Rakopoulos, C. D. and Rakopoulos, D. C., Combustion and performance characteristics of a DI diesel engine operating from low to high natural gas supplement ratios at various operating conditions, SAE Technical Paper, No. 2008 -01-1392 (2008 , pp.1-23. 朴宗洙，寺尾日出夫，過給と EGR の組合せによるバイオガスコージェネレーションシステムの性能特性，農業 機械学会誌，Vol.65, No.6 (2003) , pp.93-100. Paul, A., Panua, R. S., Debroy, D. and Bose, P. K., Effect of compressed natural gas dual fuel operation with diesel and Pongamia pinnata methyl ester (PPME) as pilot fuels on performance and emission characteristics of a CI (compression ignition) engine, Energy, Vol.68 (2014), pp.495-509. Roy, M. M., Tomita, E., Kawahara, N., Harada, Y. and Sakane, A., Effect of fuel injection parameters on engine performance and emissions of a supercharged producer gas-diesel dual fuel engine, SAE Technical Paper No. 2009 -01-1848 
